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A bstract : E l e c t r o l y t i c  s o l u t i o n s  c o n t a i n i n g  b i s m u t h ,  s t r o n t i u m ,  c a l c i u m  a n d  c o p p c i  w e r e  
t a k e n  f o r  d e p c ^ s i t i o n  o f  p r e c u r s o r  f i l m s  o l  B i S r - C a  C u  ( )  s i i p c i c o n d u c t o r s  f i l m s  h o r n  a q u e o u s  
a n d  n o n - a q u e o u s  b a t h s  w e r e  d e p o s i t e d  u n d e r  d . c  a n d  p u l s e  p o t e n t i a l s  F i l m s  o x i d i s e d  a t  e l e v a t e d  
t e m p e r a t u r e  s h o w  s u p e i c o n d u c t i v i t y  a b o v e  7 7  K  T h e  f i l m s  o b t a i n e d  I r o r n  n o n  a q u e o u s  d i m e t h y l  
s u l p h o x i d e  (DMSO) b a t h  u n d e i  p u l s e d  p o t e n t i a l  ( d e p o s i t e d  a t  2*^  H/ l i v c j i i e n c y  a n d  d u t y  
c y c l e )  a n d  o x i d i s e d  a t  7 5 0 ‘^ C  l o i  1 m in u t e s  s h o w  i m p i o v c m e n i  m  su iK ’i c o n d u L i i n g  p r o p e i t i e s
K ey w o rd s S u p e r c o n d u c t o r s ,  c l c c l r o d e p o s i t i o n ,  b i s m u t h  n i t r a te
EACS No. : 74 76.
1. Iniroduction
Precursor films for high-7’^ superconductors have been formed by a number of techniques 
[l-b| including the conventional or rapid sohdificaiion of molten mixlures of the consliliient 
meials |6], There are however, relatively few studies reported on cleclrodcposition ol 
superconductors [7-19]. Recently, pulse elcctrodeposilion of Y-Ba-Cu-O superconducting 
hlnis has been reported for the first time by Pawar ct al [2()|
The formation of thin films via elcctrodeposilion technique has considerable practical 
poicniial, particularly in the fabrication of large non planar devices, as well as other electronic 
applications. In principle, eleclrtKJeposition from both aqueous and non-aqueous solutions is 
possible, although aqueous solutions are appearently unsuitable because reduction ol water 
b 1 23 V vs NHE) is kinetically more favourable on most electrode materials (except Hg) 
*han alkaline metals.
In the present investigation, wc employed the d.c. and pulse elecirodeposition
icchniquejj for deposition of Bi-Sr-Ca-Cu alloyed films These films have been synthesised
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successfully from aqueous baths and non-aqueous baths with 2 : 2 : 1 : 2 sloichioniciry 
Pulsed potential technique gives significant improvement in the superconducting properties
2 . Experimental procedure
The constituents of the clecirodeposition bath were adjusted empirically for the optimal 
deposition of Bi-Sr-Ca-Cu-O  superconducting films. Solvents used were double distilled 
water (aqueous bath) and acetone, dimethyl sulphoxide (DMSO) and dimethyl fomiamniide 
(DMf') (non-aqueous bath). The single electrolyte solution was prepared by using nitrates n( 
bismuth, strontium, calcium and copper. All chemicals were analaR grade purity and were 
used as received The pH of the deposition bath was 3.2.
F^xpenmcntal arrangements ol electrodes are shown in schcmiftic diagram (Figure 1) 
The 25 ml solution was used for each deposition. The cathodic pcilarisation curves were 
recorded and potentials Tor deposition were determined. All deposrtions were earned nui 
LindcT ixilcntiostatic and unstirred conditions at ambient temperature (3U) K) A conventional
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Figure 1. Schematic diagram of elcctrodeposition set-up
three electrode system was employed, reference electrode being saturated calomel electrode 
(SCE) and the counter electrode a high purity graphite plate. A Princeton Applied Reseaidi 
Polentiostat model 362 was used for electrochemical deposition. The electrodeposiiion has 
been carried out on MgO with conducting FTO (fluorine doped tin oxide) and silvci 
substrates. The back side of the substrates was made insulating and cathodic deposition afca
was one cm .^ The anode to cathode distance was 0.6 cm. The pulse depositions were carried
oul in the frequency range 10 to 120 Hz with 50% duty cycle. Microsiruciurul properties were 
studied by using MeUer Optical Microscope with magnification 500 X.
The superconducting transition temperature the films was determined by the 
fCsistivity-temperature (R-T) measurements at constant 1 niA current in lour probe 
configuration using a closed cycle refrigerator (model APD H("-2D). A nano-voltmetcr was 
used to measure the voltage developed across two contacts. The Phillips PW-1710 X-ray 
diffractometer withCuKa radiations of 1.54 A wavelength was used to record the XRD 
patterns of B i-Sr-C a-C u-O  films on silver substrate.
3. R esults and  discussion
The constituents o f the elccirodeposition bath for Bi-Sr*Ca-Cu thin films deposition at 
constant potential were 15 mM, Bi(NO.0v 200 mM, SriNO,)^, 200 niM Ca(lsiO0 : and KX) 
inM, Cu(N 03)2  dissolved in double distilled water. Conductivities of double distilled water 
and electrolytic bath were measured and are 1.1 p-mhos and 10 m-mhos respectively. 
Cathodic polarisation curves were recorded to estimate deposition potentials and arc depicted 
in Figure 2. The deposition potential lies in the range from -2 7 to -2 0 V r.v SCE. Tlie rale of
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Figure 2. C a t h o d ic  p o l a r i s a t io n  c u r v e s  loi d c  decirodeposition o t  Bi
deposit.on was nearly 0.04
dep, sition time from aqueous bath. It was found iha
6»A(5)-3
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For the non-aqueous (acetone) bath concentrations of bismuth nitrate, strontium 
nitrate, calcium nitrate and copper nitrate were 15 mM, 60 mM., 60 mM and 20 
optimisation of bath composition is described elsewhere [20]. Effect of complex!ng agents
D K P t ^ lT IO N  TIM K ( M i n n i e s )
*
Figure 3. Vanahon ol film thickness with deposition time for Bi-Sr-^-a-C'u allo> dcposuiori 
from aqueous bath
has been studied by using different complexing agents such as sodium citnik*. 
cnthylenediaminetetra-acclic acid (EDTA), tartaric acid and sodium citrate. pH of bath loi 
sodium citrate was 2, EDTA, tartaric acid bath was 3-8 and sodium nitrate bath was K 
Substrates were FTO (Fluorine Doped Tin Oxide) coated MgO polycrystalline pcllclcs Tlic 
preparation of such polycrystallinc MgO substrates is described elsewhere 121] The 
deposition area was one cm^. The cathodic polarisation curves were recorded and deposition 
potentials were estimated. These deposition potentials are listed in Table 1.
Tabic 1. Eleciiodcposmon potentials for different baths
Hath
Aqueous bath 
Acetone
Sodium citrate (pH = 2) 
EDTA (pH =2)
Sodium nitrate (pH = 8) 
EDTA (pH = 9)
Electrodcposition potential V 
vs SCE onto MgO/FTO substrates
-  1 35 
- 2  15 
-2 20
- I 95
-  1.85
-  I 90
The variation oi cathodic current density with umc was sinusoidal and is shown in 
Figure 4. This might be due to charging and discharging ol electrical hilaycr. Due lo this 
bilayer iormed at cathode surface current density falls drastically within first tew minutes and 
then behaves sinusoidially. The mechanism of clectrodeposiiion of Bi-Sr-Ca -Cu alloyed 
films is reported in detail in ref [221.
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Ki«ur. 4. of ca.hod.c cu.tcU densny w,d, dc.po.„.n „n.c .or d c olecrodcpr-suron o.
Bi-Sr-Ca-Cu alloy
From non-aqueous EDTA bath good qualiiy Ulms «^;re obtained. .
,he film from both uncomplexed and compicxed showed th.^^^^ - ta .m  r 
strontium, calcium and copper in stoichiometric r a t i o ■
These d.c. elcctrodeposited films from aqueous and 
Ji 725"C to 750°C for one hour in oxygen atmosp ere am r^ras
temperature is depicted in Figum 5. It is ^
iiround 95 K and it reached to zero rcsistivi y a , lO"? K but zero resistivity
tor 3 minutes and then 800°C for 2 ,ome hydrox.de
at 70 K. This decrease in T<. (zero resistivity) d 
impurity phases in the film.
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For the pulse electrodeposition of Bi-Sr-Ca-Cu alloy, the concentrations of various 
nitrides in the bath were 20 mM BiCNO,),, 60 mM. Sr (NO,),, 20 mM Ca(NO,), and 
5mM Cu(N03)j. Solvents were double distilled water, dimethyl sulphoxidc anddimethvi
Figure 5. Temperature dependence of resistivity of d c. elcctrodeposited Bi Sr-C:a-ru () jilm
Figure 6. Cathodic polarisation curves for pulse eleclrodeposition of Bi-Sr-Ca-Cu alloy 
pulse potential of 25 Hz frequency and 50% duty cycle.
formamide and substrate used was silver. The cathodic polarisation curves were recorded by 
using pulse potentiostat, oscilloscope and are depicted in Figure 6 for aqueous bath. 
deposition potentials were estimated and are listed in Table 2.
From the study of variation of cathodic current density with Ircquency, 25 H/. pulse 
Ircquency was selected for our study. At thi.s frequency, variation ol catluKlic eiirrent density
Tuble 2. Pulse clecirodcposiiion polennaK tor aqueous 
and non-aqueous hath
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was sludied as a function of time. It was found that current density rises within first few 
minutes and then remains constant. Such type ot behaviour of current density might be due to 
replenishment of bilayer at cathode surface. This behaviour ol current density with iinu* lor 
deposition of Bi-Sr-Ca-Cu alloy from DMSO bath is shown in Figure 7.
Figure 7. Variation of cathodic currcnl density with deposition lime at 2S Hi fiLquemy .ind 50 
duty cycle for Bi-Sr~Ca-Cu alloy dcposiiion
These samples were annealed at 750"C fdi 15 minutes in oxygen atmosphere and 
icsied for their superconducting behaviour. Normal state loom tempciaturc te.’ : 
nims was in the range of 8-15 ohm-cm, but the superconducting transition temperature was 
different for preparation from different baths. For samples produced from the aqueous bath.
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transition temperatures for both d.c. electrodeposited and pulse electrodeposited samples were 
lower (70 K and 78 K respectively) than when the samples were produced from non-aqueous 
acetone and DMSO baths. Here, in d.c. and pulse electrodeposited films the transition 
temperatures were 76 K and 87 K respectively. This decrease in T^ . for aqueous bath might be 
due to some impurity hydroxide phases occurring in aqueous electrodeposition process. The 
variation of resistivity with temperature for Bi-Sr-Ca-Cu-O film deposited from DMSO bath 
and oxidised at 750^C for 15 minutes is shown in Figure 8. The film shows the onset at 
92 K and T,. (xero resistivity) at 87 K.
Figure 8. Temperature dependence of resistivity of pulse electrodeposited Bi-Sr-Ca-Cu-f) films 
from DMSO bath.
For zero field, critical current density was recorded at 77 K. It was found that the 
critical current density of Bi-Sr-Ca-Cu-0 superconducting films on silver substrates is 
higher for pulse electrodeposited films than d.c. electrodeposited films. These are 500 A/cm‘ 
and 1.0 X 10’ A/cm^ respectively. This enhancement in superconducting properties ol pulse 
electrodeposited films might be due to the fact that there is replenishment of electrical bilayer 
occurring in deposition process due to which the homogeneity is increased in pulse 
electrodeposited films. Also it is well known that the pulse electrodeposited films are less 
porous and fine grained than d.c. electrodeposited films [23].
Figure 9 shows the XRD pattern for the sintered Bi—Sr—Ca—Cu—O films produced hy 
pulse electrodeposition from DMSO bath. A single orthorhombic phase formation 
observed. However, some impurity peaks are present. The XRD pattern suggests th' 
prominent high-T,. phase in the Bi-Sr-Ca-Cu-0 films and peaks are in good agreement with
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(a).
(b).
F igure 10. Microphotographs at 500 X magniflcation of Bi-based films (a) d.c. electrodeposited 
alloyed film and (b) oxidised d.c. electrodeposited film.
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Figure 10. Micropholographs at 500 X magnification of Bi-based films (c) pulse 
electrodeposited alloyed film and (d) oxidised pulse electiodeposited film.
S ^ r c ^ H n ,  « « r - c ^ c „ - O y r ,„ .  , 3 ,
the XRD reported for single phase Bi-2212 superconductor b> Agarwal e,«/ |241 From the 
XRD studies of the samples deposited by pulse eleclrodeposil.on IVom aqueous and non- 
aqueous DMF bath, U was found that the impurity phases are present to larger extent which 
a,e responsible for tbe decrease of the critical cunem density. Also ,n the XRD patterns of the 
samples deposited by d.c. electrodeposition, the miens,ty of peaks of the high-7',, phase is 
leduccd and the peaks due to impurity phases arc more prominent.
F igure  9. XRO pattern of pulse clcclrodcposited Bi Sr-Ca Cu-O film from DMSf) bath at 
25 H/, frequency and 50% duly cycle
Surface morphology of the films was studied by using Mcl/cr optical microscope 
under reflection mode. It was found that films deposited with pulsed potential are more 
uniform The typical photographs for d.c. and pulse clcclrodcposited films produced horn 
flMF bath onto silver substrates, are shown in Figure 10 Pulse clcctrt>deposiicd hlms arc 
more uniform, less porous and show better adhesion to the substrate. This justifies the 
improvement in superconducting properties.'
C o n c lu s io n s
Hie Bi~Sr-Ca-Cu-0 superconducting films were synthesised by using d.c. and pulse 
clecirodeposition techniques from aqueous and non*aqueous baths. The pulse 
electrodeposited samples show enhancement in superconducting properties. The reason for 
b^is is that pulse electrodeposiled films are less porous, uniform and contain a very small 
Pi^ 'iceniage of impurity phases. It is found that pulse elcclrodeposited Bi-2212 films from 
DMSO bath are superior to others in 7, (zero resistivity) and current density at 77 K (zero
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field). The simplicity and low cost of the eleclrodeposition process, as well as its utiluy for 
nonplaner and preengineered configuration make it attractive for practical applications.
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